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[57] ABSTRACT

A fast voltage pulse is applied to a transducer which
comprises a composite of multiple layers of alternately
polarized piezoelectric material. These layers are
bonded together and positioned over the curved leading
edge of an aircraft wing structure. Each layer is rela-
ttvely thin and metallized on both sides. The strain
produced In the transducer causes the composite to
push forward resulting in detachment and breakup of
ice on the leading edge of the aircraft wing.

- 3 Claims, 4 Drawing Figures
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1
PIEZOELECTRIC DEICING DEVICE

ORIGIN OF THE INVENTION

~ The invention described herein was made by employ-
ees of the U.S. Government and may be manufactured

. and used by or for the Government for governmental

purposes without the payment of any royalties thereon

or therefor. |

Thus 1s a continuation of application Ser. No. 469,867,
filed Feb. 25, 1983, now abandoned.

TECHNICAL FIELD

This invention is directed to the removal of ice from
the leading edge of aircraft wings. This invention pro-
vides a reliable, durable, low power electrical means for
-removing this ice.

Ice has been removed and its formation prevented by
relying on bleed air heating. Also, inflatable leading
edge boots have been used. It has been proposed to
apply electromagnetic pulses to the leading edge skin,
~and the application of acoustic vibrations of piezoelec-
tric materials has been suggested. Another widely ac-
cepted method is coatmg the surface with ethylene
~glycol.

All of these methods have disadvantages. More par-
ticularly, bleed air heating consumes considerable
amounts of power. The inflatable leading edge boots
‘may not remove ice if a pocket or gap develops in front
of the boot. The passage of electromagnetic pulses

through the leading edge skin may cause fatigue of the
~wing skin, and piezoelectric ‘acoustic vibrations may
- cause wing skin or structural fatigue. The weight associ-

ated with the feed system for ethylene glycol surface
_ coatmg may be con51derab1e

BACKGROUND ART

Levin et al U.S. Pat. No. 3,809,341 discloses a broad
concept for removing ice from the leading edge of an
airplane wing by applying electrical pulses to a trans-
‘ducer. This converts the electrical pulses to mechanical
power pulses which act on the surface to be deiced.
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2
BRIEF DESCRIPTION OF THE DRAWING |

The details of the invention will be more fully de-

‘scribed when taken with the accompanying drawing in

which

F1G. 115 a vertical section view through the wing of
an aircraft,

FIG. 2 1s an enlarged section view of a portion of the
structure shown in FIG. 1,

FIG. 3 1s a simplified schematic view of a piezoelec-

~ tric device constructed in accordance with the inven-
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- Wooden et al U.S. Pat. Nos. 4,283,461 and 4,297,394

~disclose the use of a multilayer piezoelectric transducer
which vibrates in response to the application of an alter-
nating current. This vibration prevents the attachment
~of vegetable and animal life to a ship’s plate.

DISCLOSURE OF INVENTION

In accordance with the present invention, ice is re-
moved from the leading edge of an aircraft wing by
“applying a fast voltage pulse to a multilayer piezoelec-

tric transducer positioned over the curved leading edge

of the aircraft wing structure. The piezoelectric trans-

50

tion; and

FIG. 4 is an enlarged sectlona] view of a portion of
the device shown in FIG. 3. '

BEST MODE FOR CARRYING OUT THE
INVENTION

Piezoelectric materials can be manufactured by solid-
ifying piezoelectrically polar substances in the presence
of an applied electric field to align the polar structure.
This ability to manufacture piezoelectric materials facil-
itates the fabrication of deicing devices using piezoelec-
tric composite materials made in accordance with the
present invention.

Reterring now to FIG. 1, there is shown an improved
deicing device 10 constructed in accordance with the
present invention. The deicing device 10 is mounted on
the curved leading edge of an aircraft wing 12.

' As shown in FIG. 2, the deicing device 10 comprises
a composite formed of multiple layers or sheets 14 of
alternating direction polarized piezoelectric materials as
indicated by the signs and arrows. A polymer material
exhibiting the aforesaid piezoelectric properties is satis-
factory for the sheets 14. Polyvinylidene fluoride
(PVF>) is a satisfactory material for the sheets 14 in the
deicing device 10. -

The sheets 14 are preferably very thin, havmg thlck-
nesses between about 0.003 inch to 0.010 inch. The
sheets 14 are metallized on both surfaces as will be
explained later in greater detail in the description of

'FIG. 3.

These 1ndividual sheets 14 are bonded to each other
to form a multilayer piezoelectric transducer. Refer-
ence 1s made to copending patent application Ser. No.
397,281 entitled “Piezoelectric Composite Materials”
which was filed on July 12, 1982 and issued as U.S. Pat.
No. 4,400,642 on Aug. 23, 1983.

- The number and thicknesses of the sheets 14 in the
transducer can be varied. It is further contemplated that

- the multilayer composite transducer may be formed by

rolling a single sheet of a polymer material, such as

- PVF,, and then flattening it.

33

~ ducer comprises multiple layers of alternately polarized

piezoelectric layers. Each layer is relatively thin and
metallized on both sides, and a thick protective cover
- polymer is applied to the transducer. |

- By using a plurality of thin layers of piezoelectric
‘material, low voltages can be employed to develop high
bulk forces. The strain produced in the transducer
causes the composite to push forward resulting in de-
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tachment and breakup of ice on the leading edge of the

aircraft wing.

An important feature of the invention is that the mul-
tilayer piezoelectric transducer moves as a single thick
sheet. This thick transducer is bonded to a thick protec-
tive cover 16 of a polymer material. The polymer cover
16 protects the thin sheets 14 from particle damage. The

‘polymer material of the cover 16 should be resistant to

abrasion, weather, high impact, and ultraviolet light.
The piezoelectric deicing device 10 is positioned over

the curved leading edge of the aircraft wing skin 18 as

shown 1n FIG. 1. The aircraft skin structure 18 is relied
on to retain the gross shape of the curved leading edge.

The deicing device 10 is rigidly attached to the wing
skin 18 at the trailing top edge 20 of the device 10 and
its bottom edge 22. The composite forming the deicing
device may or may not be loosely bonded to the skin 18
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3
with low modulus polymeric interfacial materials under
the PVF,.

It 1s apparent that by using many thin layers or sheets
14 of the polymer material rather than one thick layer,
low voltages may be used to cause high bulk forces to
develop. Thus, the deicing device is lighter in weight
and lower in power requirements than prior art devices.

Referring now to the simplified schematic view of the
piezoelectric deicing device constructed in accordance
with present invention shown in FIG. 3, the polymer
sheets 14 are mounted between two metallized termi-
nals 24 and 26. Each sheet 14 has its direction of polar-
1zation opposite to that of the contiguous sheets above
and below it. The arrows shown in FIG. 3 indicate the
direction of polarization.

Each sheet 14 i1s metallized with aluminum or some
other electrically conductive metal to form a first layer
28 on one surface and another layer 30 on the opposite
surface. The first layer 28 is in electrical contact with a
terminal 24 or 26. The layer 30 on the opposite surface
1s in electrical contact with the other terminal.

Each metallized sheet 14 is adhesively bonded to the
adjacent sheets thereby producing a laminar composite
structure. As shown in FIGS. 3 and 4 the metallization
does not cover a portion 32 of each surface of each
sheet 14 adjacent to a terminal edge. This enables the
proper voltage to be applied to the opposite surfaces of
the sheets 14.

As shown 1n FIG. 3 the polarity of the voltage simi-
larly alternates from sheet to sheet just as the direction
of polarization does. This causes the piezoelectric strain
to be the same sign (expansive or contractible) for all
the sheets 14 resulting in all sheets moving in unison.

In operation, a fast voltage pulse from a suitable
power supply 34 is applied to the terminals 24 and 26.
This pulse places a positive electrical charge on one
terminal and a negative charge on the other teriminal.
These charges are transmitted to the metallized surface
layers 28 and 30 which contact that particular terminal.
Each pulse produces polarization in the direction of the
arrows shown in FIG. 3.

This pulse results in a sheet lengthening piezoelectric
strain. The high g strain causes the bulk transducer
composite to push forward away from the skin 18, rap-
idly causing detachment and breakup of the leading
edge ice. This occurs because the ends of the composite
sheets are attached to the aircraft wing skin 18 at the
edges 20 and 22. However, the major portion of the
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composite 10 is not bonded to the aircraft skin; thus it is
free to move forward.

It will be appreciated that the pulse amplitude from
the power supply 34 may be varied. Also, the repetition
rate may be likewise varied.

While the preferred embodiment of the invention has
been disclosed and described, various structural modifi-
cations may be made without departing from the spirit
of the invention or the scope of the subjoined claims.

We claim: -

1. Apparatus for removing ice from an aircraft wing
comprising

a transducer for covering the leading edge of said

aircraft wing, satd transducer comprising

multiple sheets of alternately polarized piezoelec-
tric polymeric material bonded together to form
a composite, each of said sheets being metallized
on both surfaces, and

a pair of spaced metallized terminals, one of said
terminals being in electrical contact with one of
said metallized surfaces of each of said sheets and
the other of said terminals being in electrical
contact with the other of said metallized surfaces
on each of said sheets,

means for restraining oppositely disposed edges of

said composite from movement while providing
freedom of movement of the central portion
thereof,

a direct current electrical power supply,

means for selectively connecting said electrical

power supply to said spaced terminals for applying
a fast voltage pulse thereto so that a positive elec-
trical charge is placed on said one of said terminals
and a negative electrical charge is placed on said
other of said terminals thereby producing a sheet
lengthening piezoelectric strain in said sheets to
cause the unrestrained central portion of said com-
posite to move forward away from said aircraft
wing so long as said fast voltage pulse is main-
tained, and

a cover of a polymeric material bonded to said com-

posite for protecting the exposed surface thereof
from particle damage.

2. Apparatus for removing ice from an aircraft wing
as claimed 1n claim 1 wherein said sheets have thick-
nesses between about 0.003 inch and about 0.010 inch.

3. Apparatus for removing ice from an aircraft wing
as claimed in claim 1 wherein said polymeric material |

comprises polyvinylidene fluoride.
¥ % * L :
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